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硅进行预处理。 后结果表明：硼、磷杂质元素在 A 工艺的精炼下有一定程度
的去除，去除率分别为 65.9%和 78%。B 工艺对杂质硼、磷有很好的去除效果，
去除率分别为 64.8%和 93.9%。A 工艺去除铁、锰、铜效果比 B 工艺好，其余元





3、A、B 铸锭晶体生长定向性好，晶体完整。A 柱状晶宽度小于 B 柱状晶。
对于杂质含量少的高纯硅，位错和晶界是影响其电学性能的主要因素。A、B 两
铸锭从底部到顶部均呈 P 型，A 铸锭电阻率 高可达 0.29Ω·cm，B 铸锭电阻率
高可达 0.6Ω·cm。同等定向工艺条件下，原料杂质含量越少，整体电阻率越小。
A 铸锭局部区域少子寿命为 0.27µs，其余区域都超出测量范围。B 铸锭中部和底


















Silicon is the main raw material of the solar cell, its impurity content and 
distribution directly affects the electricity generation efficiency and service life of the 
solar cell. Study on the influence of metallurgy processes on impurity distribution and 
electrical properties of high-purity silicon are of great importance. 
    In the present thesis, metallurgical grade silicon had been pretreatment by two 
different metallurgical processes, and finally be casted into polycrystalline silicon 
ingots by vacuum unidirectional solidification. The macro-morphology and 
microstructure features of the two ingots were observed, and the distributions of 
major impurity elements were discussed. The removal mechanisms of impurities had 
been analyzed by calculating the theoretical and measured values at different ingot 
heights. Finally, Influence of impurities and crystallographic defects on the resistivity, 
conductivity type and minority carrier lifetime were discussed together with the test 
date of the electrical properties. The results of the research were as follows. 
1、Industrial silicon were pretreated by two different processes (A:Vaccum-Melt 
ing-Slagging-Acid leaching. B: Slagging-Acid leaching-Vaccum melting). The results 
show that: Boron and phosphorus both have a certain degree of removal in A process, 
the removal efficiency reached 65.9% and 78%, respectively. Process B has good 
remove efficiency for boron and phosphorus, which are 64.8% and 93.9%, repectively. 
For iron/manganese/copper, process A has better remove effect than process B while 
prosess B has a more intensively removal effect on other elements. 
2、Segregation results in the impurities rich in the area above the 80% of the 
height of ingot. Both evaporation mechanism and segregation mechanism determine 
the distribution of impurities in the silicon. The smaller segregation coefficient and 
the higher saturation vapor are, the better purify effect using vacuum directional 
solidification is. The higher calcium content in raw material is, the better remove 
efficiency for phosphorus is. The smaller impurity contents are, the less effect of 















3、The crystal growth orientations are good and complete crystal in A/B ingot. 
The width of A columnar crystal is smaller than B columnar crystal. For the silicon 
containing fewer impurities, dislocation and grain boundaries are the main factors 
affecting its electrical properties. From bottom to top, silicon shows a P-type. The 
resistivity of A ingot is up to 0.29Ω·cm, the resistivity of B ingot is up to 0.6Ω·cm. 
Under the same orientation conditions, the less the impurity content of raw material is, 
the smaller the overall resistivity is. In the partial zone of A ingot, minority carrier 
lifetime can be 0.27µs, the rest of the region is beyond the measurement range. The 
minority carrier lifetime, which were in the middle and bottom of the B ingot are 
4.82µs and 4.38µs, respectively. 
 
Key word: Upgrade metal-grade silicon; Metallurgical purification; Impurity 











































































装置，图 1-1 所示为太阳能电池原理图。 
 
 
图 1-1 太阳能电池原理图 
 
晶体硅太阳能电池的核心部分就是由 P-N 结组成的，基体材料是薄片
P 型单晶硅，上表面为一层 N+型的顶区，构成一个 N+/P 型结构，上电极
从电池顶区引出，由电池底部引出的电极为下电极。当 P 型和 N 型半导体
结合在一起时，在两种半导体的交界面区域里会形成一个特殊的薄层，界
面的 P 型一侧带负电，N 型一侧带正电。这是由于 P 型半导体多空穴，N
型半导体多自由电子，出现了浓度差。N 区的电子会扩散到 P 区，P 区的
空穴会扩散到 N 区，一旦扩散就形成了一个由 N 指向 P 的“内电场”，从
而阻止扩散进行。达到平衡后，就形成了这样一个特殊的薄层产生电势差，
这就是 P-N 结。如果光线照射在太阳能电池上并且光在界面层被吸收，具
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